The aim of this study was to look in detail at the FIM™, an assessment tool often used for patients undergoing rehabilitation. Some users report the FIM™ as 2 sco res: one related to motor tasks, the other to cognitive tasks; others recommend reporting it as a single score including both motor and cognitive tasks. This study ex plored whether it is statistically meaningful to sum all the points into a single FIM™ total score. The results support the current practice of summing the points into a single total score for patients undergoing musculo skeletal and neurological rehabilitation. The results also allowed an interval scale to be derived from the FIM™, enabling a broad range of calculations to be made using the FIM™ score, such as calculating the change in FIM™ outcomes from the time a patient is admitted to a reha bilitation clinic until their discharge. 
T he primary outcome of rehabilitation is functioning (1) . In order to document and monitor functioning, existing data collection tools can be used (2) .
The Functional Independence Measure (FIM™) is an assessment tool that is widely used in rehabilitation worldwide (3) (4) (5) (6) . The FIM™ is applied at the patient level to measure change throughout rehabilitation, at the institutional level to measure outcome quality, and at the national level for performance reporting or quality monitoring. Examples of use of the FIM™ are the reports of the Swiss National Association for Quality Development in Inpatient Care (ANQ) (7), the US model system for spinal cord injury (8) and traumatic brain injury (9) , the Canadian Institute for Health Information (CIHI) (10) , and the Australasian Rehabilitation Outcome Centre (AROC) (11) . Furthermore, FIM™ measures can serve as a basis for inpatient rehabilitation payment (12) . As with any assessment tool, in order to report valid total scores, certain psychometric standards must be met, including the assumption of unidimensionality. Furthermore, if an assessment tool is used to calculate change scores, it must be interval-scaled, rather than ordinal-scaled (6, 13) . The Rasch measurement model can be used to examine assumptions such as unidimensionality or local item dependencies. Where satisfactory fit of data to the model is achieved, an interval-scaled metric can be derived from ordinal scales (14, 15) .
Earlier analysis of the FIM™ using Rasch analysis in the 1990s indicated that the FIM™ 18-item version incorporates 2 different constructs, represented by a motor scale and a cognitive scale, each of which should be scored separately (16) . However, in clinical practice both the reporting of 2 separate motor and cognitive total scores and the reporting of a single total score of the FIM™, is evident (7, 9, 11) . Since this first Rasch analysis of the FIM™, many others have been published, mostly on its motor subscale (17) , but also on adaptations of the FIM™ (18, 19) . More recently, the issue of so-called local item dependency has received attention (20) . Local item dependency occurs when instrument items remain correlated when conditioned on the trait, what is functional independence in the case of the FIM™. Local dependency is indicated by significant correlation of the standardized analysis residuals. Fit of the FIM™ motor scale to the Rasch model has been shown to be seriously affected by local item dependency, which, once accommodated, resulted in adequate model fit (17) .
Thus, given the recent methodological developments with regards to addressing the issue of local dependency in health scales, and inconsistency in reporting the FIM™ in practice, a review of the FIM™ 18-item version seemed appropriate, in order to address the following question: Is it possible to add all FIM™ items together to obtain a valid unidimensional total score, taking into account the local dependency in its item set? The objective of this study was therefore to revisit the question of whether the FIM™ can be reported as a unidimensional interval-scaled metric when local dependency is taken into account. Two specific aims in relation to the study's objective were: (i) to explore the metric properties of the FIM™; and (ii) to determine whether an interval-scale scoring system of the FIM™ 18-item version can be made available and, if so, to create an interval-scale transformation of the FIM™ raw scores when administered in the context of national quality monitoring in neurological and musculoskeletal rehabilitation.
METHODS

Subjects and setting
Data collected routinely for the Swiss national quality reporting, coordinated by the ANQ, was used for secondary analysis. All 64 Swiss rehabilitation clinics that provided data to the ANQ in 2016 for musculoskeletal or neurological rehabilitation were contacted, of which 30 voluntarily agreed to provide their ANQ datasets. Since the clinics can choose between different assessment tools in ANQ data collection, not all datasets contained FIM™ data. Thus, this study used datasets from 23 rehabilitation clinics, with 11,103 complete cases in total, representative of 3 different Swiss language regions (German, French, Italian). The FIM™ was administered at admission and discharge. Ethics approval for the study was requested from the Swiss Ethics Commissions, which stated in a declaration of no objection that the project fulfils the general ethical and scientific standards for research with humans and poses no health hazards.
Functional Independence Measure
The FIM™ is an assessment tool comprising 18 items. Thirteen items belong to the motor subscale and 5 items belong to the cognitive subscale. All items are scored from 1 (total assistance) to 7 (complete independence). The FIM™ item scores are summed up to a total score, ranging between 18 and 126, or total motor score ranging between 13 and 91 and between 5 and 35 for the cognitive total score (4). The ANQ used German, French and Italian translations of the FIM™ based on its official English version, on which a translation agreement was made with the Uniform Data System for Medical Rehabilitation (UDSMR). As this is common practice, the translations have not been authenticated by the UDSMR. In order to qualify to administer the FIM™ , the health professionals received training provided by the ANQ according to the respective UDSMR policy.
Sampling
A random stratified calibration sample was created using R (21), since type I errors, i.e. rejecting a hypothesis even if it was true, are likely to appear with a large sample size in Rasch analysis (22) . The aim was to create a sample of approximately 1,000 cases, representing 4 equally sized subsamples, each with sufficient sample size for a stable item calibration and statistical interpretation (23, 24) . Each subsample focused on one of the 2 different time-points of measurement, and one of the 2 different health condition groups of musculoskeletal and neurological rehabilitation: musculoskeletal cases at admission (MSKt1), musculoskeletal cases at discharge (MSKt2), neurological cases at admission (NEURt1) and neurological cases at discharge (NEURt2). To obtain precision across the whole range of scores (total score range 108; 18-126) and representation of language regions, a random sample was taken from each available total score per subsample and language region group. Cases that were selected from the admission subsamples were excluded and not selected for the discharge subsamples (25) . Prior to the random selection all cases with missing values in a person's contextual factors of interest (described in more detail below) and all cases that scored an extreme score (18 or 126), were deleted, since they are excluded from the calculation of item difficulties by the Rasch measurement model. The sampling strategy is shown in Fig. 1 .
Data analysis
To summarize basic sample characteristics and response distributions of the FIM™, descriptive statistics were conducted with Stata Version 14.2 (26) . In order to achieve the study's first specific aim Rasch analysis was conducted using RUMM2030 (27) . The analytical focus gave reference to local response dependency represented by residual correlations. High residual correlations indicate that items are measuring the same thing too closely (13) . Furthermore, threshold disordering was examined, which indicates that the different response categories of an item are not in a successive order, i.e. do not represent an increasing level of functional independence. In addition, differential item functioning (DIF) was evaluated, which indicates that, while accounting for the trait, an item works differently for certain groups defined by a contextual factor, such as gender or age. The partial credit model was applied, which has been shown previously to be the appropriate parametrization for the FIM™ (17, 28) .
Baseline analyses
The baseline analysis tested how well the observed data from all 18 items fit the Rasch model (15) . To do so, the individual and overall item-fit, the person-fit, the reliability indices α and person separation index (PSI), and the χ 2 p-value of the itemtrait interaction standing for the fit of the data to the Rasch model were ascertained. The respective acceptable levels are represented in the bottom line of the corresponding results table. In addition, local response dependency among items was scrutinized, along with threshold disordering of item categories, and DIF for the following 7 factors: gender, age (4 age groups according to the interquartile ranges), nationality (Swiss or other), insurance (general, semi-private, private), rehabilitation group (neurological or musculoskeletal rehabilitation), clinic language (German, French or Italian) and time-point of measurement (admission t1, discharge t2). Both individual item-fit and DIF analyses p-values are Bonferroni adjusted in the RUMM2030 software.
Testlet approaches
Where the local independence assumption of the Rasch model was not met, testlet approaches were applied. A testlet is a simple sum score from a set of associated items, making the set into a single new "super"-item in order to absorb their dependencies (20, (29) (30) (31) . The creation of testlets revealed positive results in earlier Rasch analyses of the FIM™ motor scale (17) . Two different testlet approaches were used: one approach, referred to as traditional testlet approach, creating testlets oriented at conceptually associated items and based on their residual correlations (32) . By grouping similar items into super-items, such as, for example, all the transfer items of the FIM™ , this traditional testlet approach highlights the potential differences, e.g. dimensionality between testlets unifies similar items, such as "self-care"' or "transfer". The other approach, referred to as alternative 2-testlet approach, divides conceptually similar items into 2 distinct testlets of equal size, taking alternative items in each testlet. This approach focuses on the total score of the FIM™ rather than the single items or groups of items by emphasizing the similarity of the items, as together they should measure the concept of functional independence. In delivering a bi-factor equivalent approach, the alternative 2-testlet approach has the advantage of creating testlets of equal size, as recommended by Andrich (29) . Another advantage of the 2-testlet approach is that it allows for a conditional test of fit. Furthermore, all testlet-based approaches allow the calculation of the "explained common variance"' attributable to the general "first factor", indicating the proportion of variance retained to create a unidimensional latent estimate (29) . Acceptable values of these additional statistics are indicated at the bottom of the respective testlet result table. The analysis of threshold disordering is not meaningful at the level of testlets, as a particular score can be derived in a number of ways, and is therefore not reported.
To ensure robustness of the results, the baseline analysis and the best-fitting testlet approach was conducted at 3 levels of aggregation of the calibration sample (see Fig. 1 ). In 
RESULTS
Sample characteristics
The calibration sample included 946 cases. Of these, 476 were musculoskeletal cases and 470 neurological cases. A total of 474 cases were from time-point 1 admission, and 472 from time-point 2 discharge (see Fig.  1 ). FIM™ total scores had a mean of 81.7 (standard deviation (SD) = 27.5, median = 84). The mean age of subjects in the calibration sample was 71.6 years (SD = 14.5, 20-102 years). The calibration sample was 43% (n = 403) male and 57% (n = 543) female; 41% (n = 392) were from the German-speaking region of Switzerland, 25% (n = 238) from the French-speaking region and 34% (n = 316) from the Italian-speaking region; 84% (n = 798) of the sample were Swiss and 16% (n = 148) had another nationality. Insurance status was: 67% (n = 633) general, 18% (n = 172) semi-private, and 15% (n = 141) private.
Baseline Rasch analysis
In the 9 baseline analysis steps across the 3 aggregation levels of the calibration sample, no fit to the Rasch model was achieved (Table I) . In all analyses the p-values of the item-trait χ 2 were significant. Furthermore, in all analysis steps there were items that showed local dependencies among each other, DIF and threshold disordering. Information on threshold disordering and local dependency of the baseline analyses are shown in Appendix S1
1 .
Level 1 all 4 subsamples were analysed separately (MSKt1, MSKt2, NEURt1 and NEURt2). In Level 2 the rehabilitation group and time-point subsamples were aggregated respectively (MSKt1&t2, NEURt1&t2, t1MSK&NEUR, t2MSK&NEUR). Level 3 represents the aggregation of all 4 subsamples, i.e. the entire calibration sample (FIM_all). Together, these 3 aggregation levels resulted in 9 analysis steps. For both testlet approaches, the emphasis is on making existing assessment tools work without the need to delete items or change the scoring structure.
Differential Item Functioning strategy
DIF was analysed in situations in which local dependencies could be accommodated satisfactorily with testlets. Where a lack of group invariance was observed, the testlets for the contextual factor were split on the basis of the strongest DIF, and continued until no further DIF was present (33) . The split and unsplit solutions were then compared with each other on the basis of the Rasch person estimates, anchored to each other with an unsplit item free of DIF. An effect size calculation, based on the mean of the person estimates, their standard deviations, and the correlation of the split and unsplit version (34) was applied to determine whether DIF split was necessary for the final transformation table. If the effect size was below 0.2, DIF was considered small (35) and no action was taken to adjust for DIF.
Transformation table
The second specific aim of this study was to develop a transformation table in case fit to the Rasch model could be achieved. The solution with the best fit to the Rasch model was taken as a basis for this transformation, i.e. the solution with the most satisfactory core values for the entire calibration sample. The transformation table from FIM™ raw ordinal total scores to the corresponding interval-scaled values was based on the respective estimates according to the Rasch model. 
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Testlet approaches
Within the traditional testlet approach 3 different versions of testlet combinations were applied, based on the underlying subscale structure of the FIM™. Two versions included 4 testlets for the motor scale, structured according to the FIM™ subtopics (self-care, sphincter control, transfers, locomotion) together with 2 combinations of the cognitive items. In one version all the cognitive FIM™ items were unified in one testlet, since they all showed local dependency among each other at the baseline analysis, resulting in a total of 5 testlets.
In the other version, the cognitive items were split thematically according to the FIM™ subtopics into 2 testlets, communication and social cognition, resulting in a total of 6 testlets. The third version attempted to form similar sized testlets and was oriented at the residual correlations between the items and formerly reported clusters of the FIM™ (29, 36) . In this version, 3 testlets were created: a self-care testlet incorporating items A-H, a mobility testlet incorporating items I-L, and a cognitive testlet incorporating items M-R. None of the 3 traditional testlet approaches, the 3-testlet, the 5-testlet and the 6-testlet version, resulted in fit to the Rasch model (see Table II ). In contrast, the alternative 2-testlet approach (with Testlet1 containing items A, C, E, G, I, K, M, O and Q, and Testlet2 containing items B, D, F, H, J, L, N, P and R) showed fit to the Rasch model across all 9 analyses steps. The p-values from the item-trait χ 2 were all non-significant at the 0.01 level, the reliability indexes all above 0.9, and the item-and person-fit estimates within the set acceptable values. The expected common variance values retained in the latent estimate were all just above 1, indicating some marginal remaining residual local dependency among the testlets. The fit of all testlet solutions is summarized in Table II , and the application of the 2-testlet approach to all aggregation levels of the calibration sample is shown in Appendix S2 1 .
Differential Item Functioning strategy
Despite overall fit, some DIF remained in the 2-testlet solution for the whole calibration sample. For eliminating all DIF, the successful 2-testlet solution of the whole calibration sample had to be split twice. Testlet2 first had to be split by rehabilitation group. Secondly, the group of musculoskeletal rehabilitation from Testlet2 had to be split into the 2 time-points, i.e. admission and discharge. This resulted in the following superitems: Testlet1, Testlet2_NEUR, Testlet2_MSKt1, and Testlet2_MSKt2. Testlet1 was the anchor for the comparison of the person estimates of the split and the unsplit version. The effect size calculation resulted in 0.11 (see Appendix S3 1 ), indicating that there was no need to split the final interval-scale transformation into different subgroups.
Transformation table
Based on the 2-testlet solution, an interval-based transformation table was created for all available FIM™ total scores, which can be used to transfer the baseline analyses and the traditional testlet approaches did not result in Rasch model fit, an alternative 2-testlet approach, emphasizing the sameness of the FIM™ items with 2 equally sized super-items, achieved model fit. The robustness of these results was confirmed in repeating the same strategy for all subsets of the calibration sample. These results provide evidence for the internal construct validity of the FIM™ total scores based on 18 items, and thus support its reporting as a total score in clinical practice. Based on the current results, an interval-scale transformation table of the FIM™ total scores for use in national quality monitoring for neurological and musculoskeletal patients could be provided. The traditional testlet approach applied in this study builds on the successful Rasch analysis strategy for FIM™ motor items (17) . Nevertheless, when adding the cognitive item set to the motor items, the 4 testlet solution in the original paper could not be confirmed in this study. Highlighting the sameness of all the items through the 2-testlet approach attained model fit. The assumption of multidimensionality is often pursued in FIM™-related Rasch analyses (36) . The extent of local dependency among the 18 items, clustered into the underlying structures raises questions as to whether the FIM™ should a priori be divided into multidimensional concepts, as proposed by Linacre and colleagues (16) . The successful summation of the 18 FIM™ items in the current study places emphasis on the higher order construct of functional independence, incorporating both motor and cognitive aspects. Likewise, the Rasch analysis performed supports the theory that, when activities of daily living are observed, motor activities reflect some cognitive aspects and vice versa (18, 37) . From a clinical perspective, the FIM™ offers different levels of granularity for reporting. Scores can be reported at the level of the single items, the item headings, e.g. sphincter control, on the level of the motor and cognitive subscales, or the level of the overall 18-item summary of functional independence. Thus, different granular levels of reporting are available, depending upon the use required.
The study can be also be seen as initial evidence that the German, French and Italian translations of the FIM™ do not substantially differ from each other, given the absence of substantial DIF by language. Furthermore, this study provides first evidence for the internal construct validity of the FIM™ 18-item version for musculoskeletal patients, given that no substantial DIF was present between the musculoskeletal and the neurological rehabilitation group. Nevertheless, the use of cognitive items for a musculoskeletal patient population within a national outcome report, as in the ANQ, remains debatable, and care should be ordinal-scaled FIM™ raw scores into interval-scaled FIM™ scores (see Table III ).
DISCUSSION
This is the first study to provide evidence of the unidimensionality of the FIM™ 18-item version when administered to neurological and musculoskeletal patients in an inpatient rehabilitation setting. Although the taken to consider whether only motor items should be assessed. In the US model system for burn injury, for example, only the FIM™ motor subscale is assessed (38) . However, with regards to the ageing population and related comorbidity (39) , both subscales may be of interest in musculoskeletal patients. This study has the limitations of secondary data analysis. For example, there is a lack of information on the accuracy and consistency of the data-entry process, the selection of DIF factors was limited to the variables of the dataset and the use of non-validated translations. However, this design enabled a well-tailored calibration sample to be obtained from a large sample size. Another limitation is in the 2-testlet approach, which provides the basis for the transformation table. On the one hand, this approach was successful in attaining model fit. On the other hand, the approach does not allow a statement to be made about the hierarchy and difficulty of single items or a conceptually related group of items, since it focuses on the whole construct being measured through the assessment tool. However, while, for the purpose of quality or outcome reports, the FIM™ is based on the total score or change scores, data collection is still conducted on an item level, which allows clinicians to gain insight into the development of a single patient in a certain item or group of items, or to conduct a quality check of scores at the item level if the FIM™ was, for example, applied within a payment system.
The analysis of threshold disordering is also not possible with the testlet approach. Indeed, there is some evidence that disordered thresholds can themselves be caused by local dependency (20, 40) . For example, if items are analysed within their subscales, threshold ordering may appear correct, but become disordered when subscales are summated together. Thus, it becomes impossible to determine if disordered thresholds are a consequence of local dependency, as the solution for local dependency renders interpretation of traditional thresholds invalid (20) . Since the 2-testlet approach is a relatively new one for health assessment tools, further investigations are needed to confirm the influence of local dependency on such matters. However, this approach has the advantage that the total scores of a wellestablished and widely used assessment tool, such as the FIM™, can be converted on an interval-scale level, without deleting or re-scoring items.
We recommend the use of the interval transformation table provided in this study for neurological and musculoskeletal patients for national rehabilitation quality monitoring, in order to be able to calculate interval-scaled patient change scores for the FIM™, compared with its original ordinal scoring system (6) . If the total scores are available in a digital format, as in the ANQ datasets, transformation can be implemented easily in an electronic information system, by simply re-coding the total scores according to the table provided in the results. This interval scoring system has the advantage that it provides an important basis for the application of a standardized reporting system for functioning information (2, 41) in which the FIM™ could be integrated as a widely used instrument in rehabilitation. This is beneficial, as the standardized reporting of functioning information enables clinicians to continue using currently implemented assessment tools while also being able to compare and aggregate the information within and across tools, institutions or even countries. One caveat to this is that the intervalscale transformation is actually measured with error, as can be seen in its logit form in Appendix S4 1 .
In conclusion, the results of this study support the internal construct validity of the FIM™ 18-item version and, consequently, the reporting of its total score, by applying the interval-scaled transformation table provided in this study. The fact that all the variance could be accommodated in the final estimate suggests that previous reports of multidimensionality may have been driven by a breach of the local independence assumption. This supports the intention of its developers and the way the FIM™ scores are used in clinical practice and in institutional and national monitoring. It is recommended to use the interval-scale transformation of the FIM™ total score for national quality monitoring for neurological and musculoskeletal patients, in order to adequately report change scores in patients' functioning. Furthermore, interval transformation provides a basis for integrating the FIM™ into a standardized reporting system for functioning information.
